A simpler modification of an original turbulent drier-extractor with provision for measuring moisture is presented, as well as methods for determination of lipids in serum and in urine in the wide-interface extractor, and a new use for the wide-interface extractor in washing extracts from the drier-extractor.
PROLONGED EXTRACTION

METHODS
for determination of lipids may be becoming obsolete in practice. However, some analysts will still use them, either routinely or as a basis for comparison between older and newer methods.
The advantages of extraction with chloroform with a water trap in the refiux have been stated in an earlier paper (6) . In the present turbulent drier extractor, shown in Fig. 1 , the trap is graduated for direct reading of moisture content of the sample.
(Proposed filters are illustrated in Fig. 3 .) The jacket maintains the contents of the extraction chamber at the temperature of boiling solvent. The turbulence speeds both the drying and the extraction, and the apparatus is simpler than those designed previously (6) for this purpose. A prototype of the present apparatus is shown in Fig. 2 a commercial product, produces turbulence, but otherwise differs markedly from the extractor shown in Fig. 1 .
At least two pieces of apparatus operating on the general principle of the Babcock method for butter fat in milk, have been proposed for determination of lipids in serum, the older "hemolipocrit" method (very similar to the Babcock method but on a micro scale) and a recent method using similar principles, but utilizing a detergent for the lipid separation rather than sulfuric acid (2) . The "hemolipocrit" method liberated first neutral fats, and, during the next twelve hours, the phospholipids;
it was found to give rather irregular results. The Brandstein-Castellane method (2) separates the lipids by detergent action in exactly 10 mm.; less time results in low values, more time in high values.
In several trials of this method, the values appeared to be too low. In one direct comparison, their method was found to give a value approximately 30% lower than that given by a solvent extraction method.
No droplets of fat could be seen below the calibrated stem of the flask, and any explanation without further investigation would be highly speculative.
The Turbulent Drier-Extractor
The construction of the apparatus for extraction of feces or tissue is obvious in the drawing ( Fig. 1 ) except for several details: the inner tube, the extraction chamber, is suspended from the ring seal, and the lower free end is centered by three small round bosses which fit the outer jacket tube snugly but not tightly.
The The water trap contains a section of a 10-ml. graduated Pyrex pipet (Mohr-type for accuracy). Below the 8-ml. mark the pipet is drawn down to a solid rod of about 5 mm. in diameter.
A small hole (about 3 mm. in diameter)
is blown out between the 8-ml. graduation and the solid rod. A 15-mm. O.D. thin-wall test tube is cut off so that it reaches to about the 3-ml. mark of the pipet.
Three small indentations are made in the lip of the test tube so that the tube fits concentrically and snugly but not tightly over the pipet.
The bottom of the test tube is fused to the solid rod on the end of the pipet, and, while the glass is soft, is adjusted so that the lip comes just below the 2.8-mi. mark on the pipet. The top of the pipet is cut off at a point above the zero mark which will bring the zero mark approximately 10 mm. below the ring seal when fused to the adaptor in order to avoid aberrant reading of the scale due to irregular ref raction in the ring seal. It is then fused to the adaptor (which extends between tile condenser and the body of the extractor), the graduated tube is plugged with some material which can be easily removed, and a hole is blown out, of about 7 mm. diameter, just below the standard taper 29/42 joint, for passage of vapor upward to the condenser.
The condenser has a straight-through center tube and is connected with the water jacket through rubber stoppers. This is to avoid the indentations inevitable in a glass-to-glass ring seal, which may trap droplets of water and prevent them from being delivered into the trap for measurement. 
Operation and Method
The extractor is usually cleaned with distilled water and a clean brush.
It is thought that the thin layer of brown matter that remains on the surface of the filter after an extraction of feces cannot contain enough lipid to make an appreciable difference in the subsequent extraction.
After the apparatus has been drained of water as completely as possible, the boiler-receiver flask is filled about half full of chloroform and the apparatus is operated empty until no sign of moisture remains, usually about one hour.
The filter is then packed tightly with Pyrex glass wool, using a long 3/8- If the feces are too watery to be picked up on the blade, they are transferred in a pipet with a large opening in the tip. c. About 5 or 6 gm. of shredded filter tablets* is immediately poured over the blade and feces to avoid loss of moisture.
The beaker and contents are weighed.
The feces and fiber are uniformly mixed, using the blade.
As much as possible of the entire contents of the beaker is transferred to the extraction chamber through a polyethylene funnel. d. The empty beaker and blade are weighed. The trap and condenser are replaced on the extractor and the entire apparatus is lowered so that the boiler-receiver is submerged in boiling water and rests on the bottom of the bath. At this point two choices are presented:
either the vent (bypass)
can be left open until the jacket is filled with chloroform vapor, and then closed; or the vent can remain closed so that vapor passing through the filter will reflux on the cold walls of the chamber and flush down the walls, opened to clear the jacket of air, then closed.
As soon as vapor reaches the condenser, liquid solvent will reflux through the trap, fill it, and overflow onto the sample. Moisture from the sample will be driven up with vapor of the solvent, join the reflux, and be held in the graduated part of the trap above the chloroform. The chamber will start to fill with solvent, with vapor of the solvent passing through it. When the chamber has filled to from one-fourth to two-thirds full, the sample will be entirely suspended and vigorously stirred.
During this time the vapor of solvent is refluxing also in the jacket, keeping the temperature of tile contents of the chamber at the boiling point of the solvent.
Besides this effect, it also minimizes condensation of solvent vapor in the chamber and prolongs the cycle. Eventually the boiler-receiver becomes almost empty and the sur- face of contact between hot glass and solvent decreases until the amount vaporized comes into equilibrium with the total refiuxed to the boiler.
The stream of vapor through the sample slows down greatly, but does not stop entirely because the difference in hydrostatic pressure between the top and the bottom of the filter is enough to permit liquid solvent to drip from the bottom of the filter while vapor is passing through the top. The flow of vapor, however, is not great enough to keep the sample in suspension.
Extraction by downward flow of liquid solvent is established.
At this point, the jacket may be vented into the top of the chamber, simultaneously increasing the flow of solvent vapor to the condenser and of liquid solvent into the chamber and allowing more liquid solvent to flow through the filter into the boiler-receiver. This process comes to equilibrium when the flow of vapor equals reflux in the jacket plus solvent passing through the filter. This extraction by downward flow is not considered as effective as turbulent extraction because of packing and channeling in the sedimented mass of the sample. It may be allowed to continue while attention is directed elsewhere in the laboratory, but it is considered better to terminate the cycle as soon as there is not enough vapor passing through the chamber to hold the sample in suspension.
To terminate the cycle, the apparatus is raised so that the boilerreceiver is lifted above the boiling water in the bath. The cooling of the flask, with vent closed, reduces the pressure of vapor and sucks the solvent back through the filter into the flask. When the solvent in the chamber has lowered to about one-fourth to one-third full, the apparatus is again lowered into the boiling bath and a new cycle is started. This cycle, without completely draining the chamber, is continued until the amount of water in the trap no longer increases, usually for about 11/2 hr.
At first the trap is inspected every 15 mm. 1vVhen, after the last interval, there is no further increase, the amount of water is recorded as the moisture of the sample. Thereafter it slowly decreases, probably due to a slight slow loss through the condenser.
The loss is at a rate of less than 0.1 ml./hr. This usually means that less than 0.15 ml. has been lost from the total. Tile error of measurement is increased when the patient has ingested Metamucil, pectin, or any of the other hydrophilic substances used for bulk and laxative effect, because they retain water longer, often requiring 3 hr. or more for water to reach its maximum in the trap.
At the end of a 15-mm. interval in which the water in the trap reaches its maximum, the apparatus is raised and the solvent drained down with closed vent. The trap and condenser are lifted off and 0.5 ml. of concentrated hydrochloric acid is pipetted into the chamber (to liberate fat acids from soaps). A small piece of Congo Red paper is inserted, to indicate whether the contents of tile chamber remain acid. About 0.3 ml. of water, from the hydrochloric acid, will subsequently appear in the trap, and should be ignored.
(Sulfuric acid should never be used for acidification.
It will become concentrated in the extractor and char the lipids.)
After all the water has 1)een driven off from the sample, the cycle can be simplified.
The solvent can and should be drawn completely through the filter to draw all of the extract out of the sample and into the boiler-receiver.
The cycle can resolve itself into merely lifting the apparatus above the water in the boiling bath when the chamber is full and the sample is no longer ill suspension, lowering it again as soon as the solvent has drained out of the sample, and expelling air through the vent to permit hot solvent vapor to fill the jacket.
TTndoubtedly a machine could be devised which would perform these operations automatically. A motor to raise or lower the apparatus could be controlled by the interposition of the semiopaque suspension of sample between light source and photovoltaic cell in each of two light beams directed through the chamber at high and low points of filling and emptying.
Construction of such an apparatus depends on whether the time saved would justify its bulk and cost. Based on past experience, the extraction has usually been carried out for 14 hr. When feces are examined, the time can probably be shortened to 5 or 6 hr., as shown in Table 1 . At the end of the short period, the boiler-receiver was removed for examination.
A fresh flask containing fresh chloroform was substituted and the extraction was continued. The time of the long period starts at the beginning of the extraction and includes the short period; 
Total Lipids in Serum
The primary extraction is by Bloor's method (12) .*
The serum is taken up in a 4-ml. volumetric transfer pipet.
It is delivered slowly in a thin layer below about 70 ml. of alcohol-ether in a 100-ml. volumetric flask, with the tip of the pipet resting on the bottom of the flask. While this layer remains undisturbed, there is only a thin fine powdering of coagulated protein formed 011 the interface between serum and solvent. When the flask is shakeii, an extremely fine-grained flocculation occurs.
The flask is thell heated just to boiling in a water bath, cooled, and made up to volume with alcohol-ether.
Before startillg the analysis, the all-glass apparatus is rinsed with chloroform.
The total residue in the normal range is between 0.016 and 0.030 gm. Only a trace of matter soluble in fat solvents will produce a gross error.
A Whatman No. 1 filter paper of 15-cm. diameter is also washed with chloroform iii a 100-mm. diameter glass funnel. The ovoid magnetic stirring bar is inserted in a wide-interface extractor of flask size 250 ml. with a 100-ml. boiler-receiver flask attached to the side arm (Fig. 4) . The Bloor extract is poured through the filter into the extractor. The volumetric flask is rinsed once with ether and the rinsings added to the filter. When the extract has passed through the filter, the filter is rinsed down from the extreme upper edge with ether, and the funnel immediately covered with a flat piece of glass or polyethylene to prevent evaporation. This rinse is repeated twice more. This is a very important step, designed to return to the extractor lipids which may have migrated up the filter in solvent streams resulting from removal by evaporation of solvent from the upper edge of the paper. The funnel and filter are removed and a standard-taper inner joint placed in the neck of the extractor.
A 250-w immersion heater is placed in a 1000-ml. copper or glass beaker which is placed over the magnetic stirrer motor. The extractor is hung over tile edge of the beaker, supported by its side arm and the neck of the flask which projects over the edge in an upward and outward slanting position. Stirring is started very slowly.
(The magnet inside the extractor will not follow the one on the motor at high speed.)
The immediate purpose of the stirrer is to prevent loss by bumping.
The beaker is filled with water until it just covers the body of the extractor.
The water is brought to vigorous boiling.
The extract is evaporated just to dryness. Water must be kept in the beaker throughout the evaporation because in its absence A 100-w immersion heater is substituted for the 250-w heater in the beaker.
The boiler-receiver is placed in the beaker. The extractor is placed upright on the magnetic stirring motor, which is brought up to the maximum speed that the stirring bar will follow; 0.7 ml. of absolute ethyl alcohol is pipetted on to the residue of the Bloor extract, followed in #{189} mm. by 70 ml. of ethyl ether. After about 1 mm. to allow the ether to dissolve the residue, 100 ml. of 0.85% NaCl solution is added. An emulsion forms in a few minutes at this speed of the stirrer. This emulsion is maintained for an hour or more. Then the stirrer is reduced to "normal speed," aiid the emulsion separates in from 5 mm.
to 1 hr. The author has iii 10 years seen only one emulsion from a residue from Bloor's extract of serum that failed to break. From this point on, the washing, drying, and weighing are similar to the procedure used in washillg, drying, and weighing the extract from feces. The only difference is in the periods of washing. It is suggested that 3 hr. is sufficient for the first period. In practice, the first wash was allowed to continue overnight (10 hr. or more). Seven washes were done (decanted over, seven times the next day) with the third or fourth period of 1-hr. duration and the rest from 12 to 20 mill.
Calculations weight in gm. of dry residue X 25 X 1000 = mg. total lipid per 100 nil, serum
Total Lipids in Urine
In the determination of total lipids in urine, the urine itself replaces the aqueous salt solution, and the process in the wide-interface extractor, (Fig. 4) instead of washing of the extract becomes the extraction itself.
It is thought that more time is required for each period. The original purpose of the extractor-to prevent formation of emulsions -comes into play and therefore the stirring is never allowed to exceed the "normal speed." The urine is acidified at the start: concentrated hydrochloric acid is added, with a small piece of Congo Red paper in the extractor, until the urine just becomes acid, and then an additional volume of acid equal to the first is added.
If the volume of urine is 100 ml. or less, the small extractor is used and the aqueous phase is made up to 100 ml.
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with 0.85% NaC1 solution; 70 ml. of ethyl ether containing 0.7 ml. of ethyl alcohol is added by pouring it down the wall of the flask to prevent formation of any trace of emulsion. If the urine exceeds 100 ml., it is made up to approximately 500 ml. with 0.85% NaC1 solution, or a 500-mi. portion is taken aiid is placed in the large extractor; 150 ml. of ether containing 1% alcohol is added down the side, and then salt solution is added, down the side, until the top surface of the ether reaches a level about 7 mm. below the opening into the side tube. Stirring is started at "normal speed." The first period of extraction is at least 5 hr., preferably overnight; the second period and third period are 2 hr. each; the fourth through seventh periods are as long as it takes to boil back the solvent (about 12 to 16 mm.).
Decanting and boiling back are done in the same manner as in other methods described.
So also are addition of drops of water to the final extract, decanting into the weighing dish, drying, and weighing of the residue from the extract. X 100 = nig./100 ml. of lipid in urine ml. of urine in sample
Discussion
It has been shown (1, 3, 4, 10) In a contmuous extraction of the same duration a slightly larger volume will pass over the aqueous phase. If two 1-hr. periods are included with five 12-mm. periods, the total time is 3 hr. The batch extraction will still use 350 ml. of ether, but the continuous extraction will circulate more than 800 ml. If the total time is prolonged to 6 hr., the batch extraction still uses the same amount but tile continuous extraction uses more than 1500 ml. This will carry over possibly more than four times the amount of watersoluble contaminant.
If one-third of tile volume of extract is left in the chamber in each of seven batches, and the extraction is complete in the first batch, only 1/2187 of the substances sought will remain in the chamber at the end of the extraction.
If the extraction is complete by the fourth batch, less than 1 or 2% will fail to be recovered.
The greatest margin of uncertainty in the extraction of feces exists in the findings for per cent of dry matter in abnormal circumstances. An error of 2.3% in water content under most favorable circumstances produces a maximum error of 10% in the determination of dry matter when the actual dry content is near 20%, and a maximum error of 25% when the actual dry content is near 10%. When 6.9% is lost from the trap due to prolonged time of drying (as when Metamucil is administered to the patient), the corresponding values are 30% error in actual dry content of 20%, and 70% error in actual dry content of 10%. When tue dry matter is a larger per cent of the total sample, the relation of fat to dry matter is considered more significant. When the dry matter is a smaller per cent, the relation of fat to wet sample is more accurate, hut it must be markedly elevated to be considered significant because of the larger volume of water.
The In the determination by fatty acids, gross error can occur: for example, in nephrosis the cholesterol may be completely free and may amount to 1200 mg./100 ml. or more; consequently a major part of the total lipid may not be detected.
In the measurement of total lipids by weight, the proportion of fractions is not evident. The molar concentration may differ considerably in samples of the same weight. However, the weight is a simple fundamental measurement, which does not convey any false implications, and it does have some empiric correlation with abnormal conditions of the patient which are of occasional value to the clinician. Occasionally in extraction of feces, and rarely in that of urine, a solid powder or thin foam may appear on the interface in the wideinterface extractor. Bacteria may be responsible for some of this 011 feces, and the bacteria may even become suspended in ether if stirring is too rapid and turbulent.
If the ether layer is not crystal clear, the stirring should be prolonged at slower speed, or stopped and the foreign matter allowed to settle by gravity. Unusual care must then be exercised in decanting. For removal of glass wool from the filter of the turbulent drierextractor, the author has used a piece of nickel wire sharpened at one end and wound into a corkscrew-like spiral over a 3-mm. rod, which was then removed.
In designing a trap for moisture, one must be sure that it contains no "dead spaces" in which moisture may collect and be delayed in reaching the graduated part. Several magnetic stirrers have too rapid minimum speed for "normal speed"
of stirring in the wide-interface extractor.
A speed as slow as 60 rpm should be attainable.
(A small unit bought from Arthur H. Thomas Co., Philadelphia, Pa., No. 9235R, was found to be satisfactory.)
The plug of packed glass wool in the filter in the drier-extractor is used to prevent dead spaces in which feces can collect and escape agitation in the solvent.
In Fig. 3 (shown alongside Fig. 1 and 2 ) are shown two proposed forms of sintered or porcelain filters that have no hollow lumen. Both sintered Pyrex and Selas porcelain (5, 7, 9) can be fused to Pyrex tubing.
Although the author has had no opportunity to test them, he is certain that these filters will operate in the same manner as the packed hollow cylinders.
